SUMMARY One hundred and thirty eight penicillinase producing Neisseria gonorrhoeae (PPNG) and 239 non-PPNG strains were characterised serologically using a panel of seven monoclonal antibodies directed against protein IA and seven against protein lB. An association between serovar and susceptibility to antimicrobial agents, auxotype, and plasmid content was observed. Serogroup WI strains were more sensitive to penicillin, ampicillin, tetracycline, erythromycin, cefoxitin, and cefuroxime. Sixty five (82%) of the 79 WI strains were typed as being serovar Aedgkih, and 47 (72%) of these strains required arginine, uracil, and hypoxanthine for growth (AUH-). Seventy one (44%) of 160 WII/WIII strains were serovar Bacejk, and 42 (59%) of these required proline, citrulline, and uracil for growth (PCU-) and were plasmid free. Serovars Bcgk, Beghjk, Bacjk, and Bajk were associated with resistance to antimicrobial agents. Analysis of PPNG isolates showed a new serovar, Af, which was associated with strains imported from Malaysia and Singapore that required proline and omithine for growth (Pro-Orn-) and carried the 24.5 megadalton transfer plasmid, the 2*6 megadalton cryptic plasmid, and the 4.5 megadalton penicillinase producing plasmid. Other associations between serovar and geographical location were noted.
Introduction
Differentiation between strains of Neisseria gonorrhoeae for epidemiological and clinical purposes has been accomplished by using a combination of several techniques: auxotyping,1 2 plasmid content analysis,34 and restriction endonuclease analysis.5 In characterising strains by nutritional requirement (auxotype), differences have been noted between geographical area of isolation, race of patient, and clinical syndrome6-9 Correlation between auxotype and other phenotypes, such as plasmid carriage or susceptibility to antimicrobial agents has also been observed."6 1012 For example, isolates requiring arginine, hypoxanthine, and uracil for growth This study was presented, in part, at the international conjoint sexually transmitted diseases meeting held on 17-21 June 1984 in Montreal, Canada. (AHU -) tend to be sensitive to j lactam antibiotics,6 1011 the proline, citrulline, uracil requiring (PCU-) auxotype is plasmid free,3 and the carriage of certain plasmids in penicillinase producing strains ofN gonorrhoeae (PPNG) has been associated with specific auxotypes .4 11 12 These typing techniques have been invaluable in tracking microepidemics within countries as well as in monitoring the international dissemination of strains, particularly PPNG isolates. 1316 Serological methods based on the antigenic determinants ofprotein LA or IB have been used effectively to differentiate further between gonococcal strains *17-19 Serological classification is carried out using a modification of the coagglutination technique developed by Kronvall.20 As a further refinement of the technique, which initially divided isolates into three groups using polyclonal antibodies ,monoclonal antibodies directed against epitopes on protein 1 were produced, thereby further differentiating serogroups into serovars ? (table III) . The ornithine, uracil, and hypoxanthine requiring (OUH-) auxotype predominated (in 42, 53%), followed by prototrophic (NR (wild or non-requiring)) strains (in 11, 14%) and strains requiring citrulline, uracil and hypoxanthine (CUH-) (in nine, 11%). The remaining 17 strains consisted ofseven other auxotypes. Ofthe 65 strains of serovar Aedgkih, 39 (60%) were OUH-auxotype and a further eight (12%) were CUH-auxotype (table III) . (As citrulline and omithine are part of the arginine biosynthetic pathway, these two auxotypes may be classified as arginine, uracil, and hypoxanthine requiring (AUH-) strains).
The 160 strains of the WII/III serogroup were differentiated into 18 serovars (table IV) with 133 (83%) comprising five serovars and with serovar Bacejk accounting for 71 (44%) ofthe strains. In addition, WII/III isolates were typed into 15 auxotypes; five auxotypes comprised 147 (92%) strains (table  IV) . The NR auxotype predominated (in 61, 38%) followed by PCU-in 45 (28%). Of the 71 serovar Bacejk strains, 42 (59%) were PCU-, and most (42. 93%) ofthe 45 PCU-strains were serovarBacejk. The three other PCU-strains were typed as being serovars Baej, Bcegjk, and Beghjk. Similarly, PCUH-strains were largely serovar Bacejk. The NR auxotype strains were differentiated into 18 serovars, but serovar Bcgk was exclusively NR Statistical analysis of the data about serovars and auxotypes in tables III and IV showed a significant degree of dependence between serovar and auxotype for WI non-PPNG strains (p = 0-02) and a highly significant degree of dependence between these same 
Discussion
The differentiation between gonococcal isolates based on combinations ofplasmids, serogroups and serovars, and auxotypes has been a powerful tool for defining the epidemiology of outbreaks of infections with PPNG strains,5 13-16 26 31 33 in monitoring regional and temporal changes in the phenotype ofthe gonococcus,'8 26 33 and even in forensic studies. 26 The characterisation of gonococci in this way not only permits the development of a global perspective on the spread of these strains, it also further enhances the biological characterisation of the strains regarding properties such as resistance to antibiotics 18 25 26 site of infection,34 expression of disease,9 and production of immunoglobulin A1 proteases 35 The study published here extends previous observations regarding the serology of gonococci from North America.9 15 26 33 The presence of the 24.5 megadalton transfer plasmid in non-PPNG isolates correlated appreciably with the WII/III serovar. This explains why Asian type PPNG strains are more often found with the transfer plasmid, as strains endogenous in Africa tend to be serogroup WI and free of transfer plasmids.
The importation of PPNG strains into Canada is readily discemable when serovars are analysed, as none of the most prevalent non-PPNG serovars, except Bacjk, were also the most prevalent PPNG serovars. In addition, WI serovars were more prevalent than WII/III serovars in the PPNG strains characterised. Serovar Ae, which was the most prevalent serovar in PPNG strains in this study, has also been detected in Sweden and Holland. '3 36 Though the PPNG strains with this serovar that were isolated in Sweden had been imported from "Africa", the serovar had been imported into Canada from around the world. Furthermore, serovar Ae strains that harboured the cryptic plasmid, the 3.2 megadalton penicillinase producing plasmid, and the transfer plasmid have been characterised in Amsterdam, though they were not isolated in the present study. 36 The serological analysis of PPNG strains, coupled with auxotyping and plasmid content analysis, has been highly efficacious in tracing the intercontinental spread ofPPNG strains. Several workers have observed Though PPNG strains ofthese serovars were imported into Canada from Africa, their origins probably rest in the Far East .The PPNG strains recovered from Chile (Bajk/NR/Asia+) have been observed in both Asia and Africa. Similarly three PPNG strains from Argentina (Bac/NR/Asia+) have also been observed in Asia.36
In conclusion, this study has shown that certain WII/III serovars correlate highly with resistance to antibiotics, that the presence or absence of the cryptic and transfer plasmids correlate highly with both serovar and auxotype, and that the global distribution of PPNG strains can be characterised, in part, by analysing serovar, auxotype, and plasmid content.
